Mood fluctuations are problematic in bipolar disorder. Current approaches to frequent monitoring of mood in bipolar disorder are paper diaries and electronic handheld devices. These approaches are limited in several ways, notably in the reliability of the data being collected which is often retrospectively reported. The experience sampling method offers a research paradigm which could be modified for use in clinical settings, to real time frequent mood monitoring. Mobile phone technology has also recently been developed to monitor weekly mood in a bipolar sample, demonstrating successful compliance rates. We propose the use of mobile phone technology as a novel method for frequently monitoring mood in bipolar disorder.
Thus, mood volatility has the potential to create a persistent state of mood instability regardless of whether a patient is euthymic or not (Benazzi, 2004; M'Bailara, et al., 2009 ). For a case study concerning one variety of fluctuation see Lam and Mansell (2008) . We need to improve our understanding of such fluctuations. We argue in this paper that improving the methods by which we collect information on frequent mood fluctuations is key to encourage self-monitoring in patients and better recognise prodromal symptoms in the prevention of relapse.
Current approaches to frequent mood monitoring
Mood monitoring in the clinic during psychosocial treatment of bipolar disorder has typically utilised paper mood charts on a weekly basis (Miklowitz, Goodwin, Bauer, & Geddes, 2008) , see for example Colom and Vieta (2006) . Completion of these mood charts in bipolar disorder has predominantly been retrospective. This may mean recalling mood states after several days or, in the case of Life Charts, after weeks or even months. Such information is liable to recall biases as well as being time consuming for clinicians to review such information (Bopp, Miklowitz, Goodwin, Rendell, & Geddes, 2010) . Whilst such mood charts continue to be used in bipolar treatment, they could be improved and their limitations render their clinical and research value questionable.
Methods of symptom monitoring in the laboratory may provide clinicians with a more refined method of frequently monitoring mood and provide a constructive adjunct to monitoring outcomes in both psychological and pharmacological treatments. Research paradigms such as ecological momentary assessment (EMA; Stone & Shiffman, 1994) and the experience sampling method (ESM; Larson & Csikszentmihalyi, 1983) involve repeatedly assessing variables of interest over time in the instantaneous context of participants' daily lives. Data are collected prospectively, where participants self-report on mood, stress, thoughts, activities and so forth multiple times a day for up to six days in paper diaries (Havermans, et al., 2010; Havermans et al., 2007; Myin-Germeys, et al., 2003) . Not only does this methodology allow for charting mood variation within a day and across six days, but it also allows for quantifying 'reactivity.' Specifically, the repeated assessment of variables allows researchers to examine Journal of Experimental Psychopathology, Volume 3 (2012) , Issue 4, [572] [573] [574] [575] [576] [577] [578] [579] [580] [581] how one variable may change in the relation to another. In mood disorders, the primary interest has been the change in mood in response to daily stressors (Wenze & Miller, 2010) .
Examples of frequent mood monitoring in bipolar disorder
In bipolar disorder, Havermans, et al. (2007) used ESM to compare 38 patients with remitted BD to 38 healthy controls. Participants were asked to report (10 times a day for 6 days) whether they had experienced a positive or negative event and how pleasant, stressful and important the event was. A sub-sample of patients with a higher number of past depressive episodes perceived negative events to be more stressful. Myin-Germeys et al. (2003) used ESM to investigate mood reactivity in patients with major depressive disorder, non-affective psychosis, and bipolar patients in remission. Patients with bipolar disorder demonstrated reactivity to stress where as stress increased, positive affect decreased. Putting mood fluctuations in context (of stress) would be potentially very valuable in the treatment of bipolar disorder. Presently, to our knowledge, these paradigms have not yet been extended for clinical use in symptom monitoring in any mood disorder (Wenze & Miller, 2010) .
As previously stated, refining methods of frequent mood monitoring in bipolar disorder is paramount if relapse signatures are to be identified during and between treatment. In fact mood monitoring may be useful for a variety of reasons, focussing on 'wellness' in addition to "pathology". For example, it could also be useful to help clients to identify what their normal mood fluctuations are like, so that they are able to be aware of and accept a 'bandwidth' of changes in mood, as well as recognising when their mood goes outside this range.The use of paper diaries in EMA and ESM has been criticised, because it assumes the participants' compliance with the method, when in fact paper diaries can always be completed retrospectively (Bolger, Davis, & Rafaeli, 2003) . Participants have also been found to complete diary entries ahead of the allotted monitoring-time (Stone, Shiffman, Schwartz, Broderick, & Hufford, 2003) . In a sample of patients who display low compliance to prescribed medication (Lingam & Scott, 2002) , the long training sessions involved with paper and pencil mood charting as well as the increased likelihood of misplacing the charts suggest that paper mood monitoring would be a potential hindrance to clinical work in a bipolar sample.
For these reasons, the use of paper diaries has sometimes been superseded by handheld electronic data collection devices such as personal digital assistants (PDA; Barrett & Barrett, 2001; Shiffman, 2000) . Crucially, the reliability of the data is increased because the time at which the participant responds to the monitoring is accurately recorded. But only a few research studies have utilised electronic data collection in bipolar samples (Bauer, et al., 2005; Scharer, et al., 2002) . A significant drawback of such electronic handheld devices is the cost: not only in the tool itself but in the development of the necessary software. Consequently any electronic malfunction would also prove costly (Bolger, et al., 2003) . In less developed societies or at a time when funding for both the health care system and scientific research faces cuts, such methods do not seem widely translatable to the clinic. Lengthy training sessions are also required for electronic devices, which may prove fatal to successful monitoring if participants are not computer literate. Whilst electronic handheld devices resolve the primary problems around frequent data collection using paper diaries, they remain infeasible to wider application in clinical settings.
A 21 st century approach to mood monitoring: Short Message Service (SMS)
assessments in the context of normal daily life. Frequently completing a paper diary or a PDA, i.e. interjecting a foreign data collection instrument into participants' daily lives, may have a major negative impact on the validity of the data. Clinically, the frequent use of socially unusual instruments could render an element of stigmatisation.
Consequently, we advocate utilising participants' own mobile phones as a novel method for frequently monitoring mood in bipolar disorder. This SMS system was recently developed at Oxford University, where the need for an inexpensive and uncomplicated method of frequently collecting mood data in bipolar patients was recognised (Bopp, et al., 2010; Geddes, 2008) . Participants are signalled by their phones to respond to a question, to which they simply have to text back their response by short message service (SMS). Similar to PDAs, the reliability of data is increased by the ability to record the time at which the participant responds. Mobile phones are very widely used and understood. Little social stigma is attached to the frequent use of mobile phones, thus this method of data collection may have good acceptability. This approach has already been utilised in collecting weekly mood stability data for an average of 36 weeks in a bipolar sample, where, given the 75% compliance rate of weekly texts, it was shown to be a feasible method for the regular assessment of mood over time (Bopp, et al., 2010 ; see also Bonsall, Wallace-Hadrill, .
From the lab to the clinic: SMS monitoring in practice
Presently, the use of mobile phone technology has rarely (and only recently) been employed in conjunction with EMA and ESM paradigms. Studies are beginning to appear which use mobile phone technology with ESM and EMA frameworks. For example Reid et al (2009) assert they were the first to utilise mobile phones with ESM. They monitored current activity, mood, responses to negative mood, stresses, alcohol and cannabis use in a sample of 18 adolescents showing a good level of use of the system, though detailed conclusions are precluded by the small sample size. The use of mobile phone technology under an ESM or EMA framework for bipolar disorder is limited. Depp et al (2010) used mobile phones with an experience sampling framework to facilitate case management for clients with bipolar disorder and schizophrenia. Other mobile phone programs for mood disorder have recently been developed and are currently being evaluated in clinical trials, for which we eagerly await the results. For a commercially available system for monitoring depression and bipolar disorder, see the "optimism" application which is available on the internet and as an iPhone application ("optimism apps," 2007).This allows users to track their mood and behaviour, observe charts of their data, identify triggers and plan wellness strategies. Future results from this promise exciting developments.
In a clinical environment the intense frequency of the data collection may not be suitable for monitoring bipolar mood over a long period of time. We have piloted the development of an SMS interface that would be more suitable for frequent mood monitoring in a bipolar sample, which allows for charting mood (and any other variable of interest, such as sleep) on a more frequent basis than just weekly. A recent paper from our clinic by Bopp et al. (2010) provides an example of the SMS interface in action for weekly data using our system, see also Holmes et al (2011) . Presently, a week-long more intensive ESM study is in progress. Individuals are asked to rate their mood in reference to an adjective, for example 'depressed'. They rate the mood word on a 1-7 Likert scale (anchored from not at all -very much) as to what extent they are experiencing the mood at the moment in time that they text back. Participants are prompted to respond 10 times a day for 6 days" For an example of depressed mood ratings over 6 days, please see Figure 1 , which illustrates one participant with high mood variability and one with a more stable mood profile. Of qualitative interest, participants in the study have spontaneously reported benefits from becoming more aware of their daily mood. Compliance to the SMS interface to date is good with no individuals being unable to complete any responses at all, and 91/97 participants able to complete at least 20% of the total responses (the required amount for inclusion in ESM analysis, (Delespaul, 1992) . It could be used in tandem with other convergent objective measures e.g. actigraphy for sleep (Jones, Hare, & Evershed, 2005) . We advocate this approach to be both usable for the participant and feasible for the clinician/researcher. For example, as individuals are familiar with their own phones, only a short 15 minute orientation to the instructions is required. In addition to this, participants are provided with credit card sized instructions to carry with them, which are designed to assist them in responding to the SMS prompts (Figure 2 ). DAILY MOOD Choose a number on a scale of 1 (not at all) to 7 (very much) that best describes how much you have experienced each of the following moods over the last 24 hours:
Irritable; Anxious; Depressed; Elated; Energised
In Reply to your prompt, text the letter 'M' followed by your rating (1-7) for each mood e.g.: M21352
Please respond ASAP after receiving a text/SMS. PTO
DAILY SLEEP
In reply to your prompt, text the letter 'B' followed by your bedtime, suing the 24 hour clock & 'H' followed by the number of hours you slept to the nearest ½ hour e.g. B2200 H7.5
Thanks!
For advice call ***** or e-mail ***** Journal of Experimental Psychopathology, Volume 3 (2012), Issue 4, [572] [573] [574] [575] [576] [577] [578] [579] [580] [581] Users of this approach text their response to each message they receive, and their reply is automatically captured by central computer system. The investigator can easily generate and interpret a mood chart for visual inspection by the patient and clinician. Mood data is collected 'there and then' so that the mood chart is an accurate as possible reflection of the user's mood during the week. There is no risk of mood charts being lost. Such a chart would prove a useful adjunct to therapy and is akin to a one week cognitive behavioural therapy (CBT) mood chart. Whilst the emphasis of this paper regards mood fluctuations in response to stress, we recognise that there are further bipolar-related variables which could provide richer information in therapy. Mobile phone technology is flexible and could be used to sample other variables of relevance to bipolar disorder in addition to mood such as daily activities (MyinGermeys, et al., 2003) , goals and planning (Johnson, 2005) , memories, (Gruber, Harvey, & Johnson, 2009 ) and intrusive future images (Deeprose, Malik, & Holmes, 2011) . Further adaptations of the SMS system could include monitoring a bespoke variety of beliefs, behaviours, thoughts and imagery (Malik, Goodwin, Holmes, 2011) , which tracked over time would provide richer CBT-relevant information.
There is an exciting emergence of new technologies and applications for mood monitoring. For example, the "mappiness" application on the iPhone ("mappiness," 2010) allows someone to monitor how their feelings of happiness change according to their environment. One can imagine how technologies such as this could be refined to help people with mood swings e.g. in identifying environmental triggers. We acknowledge that reactions to stressors, whilst an important starting point, may not be the only cause of mood instability. Long-term instabilities in self-regulatory systems could also be caused by multiple systems with conflicting standards (Mansell, Morrison, Reid, Lowens, & Tai, 2007) whereby no stable mood is reached and the individual oscillates between two mood states. The flexibility of monitoring via mobile phones would allow for clients to provide feedback about their own goals and emotion regulation attempts. Future developments could expand SMS technology, and exploit the opportunity not only for numerical responses but for more qualitative data via written verbal text messages, to test this.
Another useful future development would be to collect situational information at the time of the ESM/EMA mood ratings, in a bid to enhance the utility of the 'just in time and just in place' ratings and in better understanding mood fluctuations and relapse signatures. For example, knowledge about situation information from a series of text messages could be reviewed and highlight what situational triggers might lead to a change in mood. Presently we are using the SMS interface to collect information about participants' stress-context (in conjunction with their mood) by asking them to briefly describe the most important event that has occurred to them since the previous message that was sent to them that day. Participants then rate this event for how pleasant they found it on a Likert scale of 1 (not at all pleasant) to 7 (very pleasant). An example of the former type of event might be "being diagnosed with diabetes" and for a very pleasant event "a meal in a lovely restaurant in Oxford".
Utilising mobile phone technology may prove to be a practical method of frequently monitoring mood (and other variables) in bipolar disorder. Mobile phone monitoring improves on the limitations of paper diaries and PDAs that are currently in use, by increasing the reliability of the data being collected and potentially increasing acceptability and frequency of responding in participants. However, there are challenges of using this type of mobile phone monitoring, such as ensuring privacy and security, as personal data could be attributed to a personal contact number. Another issue is that of managing risk if a client, for example, has generated high scores. Clearly, this is a topic which requires clinical sensitivity and ethical decisions at a local level. For an overview see Proudfoot and Nicholas (2010) and Shapiro and Bauer (2010) . This novel approach is intended to aid clinicians and researchers in better recognising prodromal symptoms as well. It is hoped that this system will allow patients to have control over monitoring their own mood variation. Moreover, it forms part of a more computerised vision of improving the care and treatment of people with mental health difficulties (Cavanagh, Van Beck, Muir, & Blackwood, 2002; Marks, Cavanagh, & Gega, 2008) .
